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Comparison of energy consumption profiles of a public and a private institution – a case study 

Abstract 

In our paper we try to make a comparison of energy consumption profiles of a chosen public and a private institution. Particularly, we provide a case study on the energy profiles of the Faculty of Humanities, Charles University, Prague, Czech Republic and one private companies of Austria with the subsequent proposals for energy-saving measures. 

Our goal was first to identify the appropriate indicators for describing the energy consumption patterns of the two specific kinds of institutions and subsequently to compare the crucial energy-intensive areas and areas with potential to decrease the energy intensity. This is followed by proposals of energy-saving measures - both of technical as well as of institutional character.  

1. Short introduction 

Identifying the general indicators of energy consumption of institutions (e.g. using the GRI framework; using energy intensity: per capita, per area used, per production, etc.)

In the past the energy costs were only a little part of an institution’s total costs so that from the economical point of view energy saving measures were often not profitable. However, nowadays energy prices have been increasing and more and more companies and public institutions decide to optimise their energy flows. For that purpose a comprehensive energy analysis is inevitable.

The problem lies in the fact that absolute energy consumption value is not significant for an assessment of the trends, changing efficiency of the same institution or for comparing the values of several institutions (for example in the case of an increasing production amount or increasing capacity utilisation) (Malzer, Fresner, 2008).

Therefore, it makes sense to use the concept of energy intensity of a firm or an institution. With this concept, the energy consumption is taken as basic variable. As reference value different factors can be chosen (for example: working hours, number of personnel or users of the provided services, used area, production amount and so on). The choice of the reference parameter depends on the particular approach of the analysis, on the type of the institution or company and also available data.
Moreover, we can differentiate between two types of metrics. There are the so called efficiency indicators, involving a comparison of input and output, while output is not the energy consumption itself (Federspiel, Zhang, Arens, 2002, p. 205-6) and the so called effectiveness indicators involving the comparison with a benchmark, i.e. with a key system variable, which is not necessarily the output. The output is difficult to define and quantify – it could be the comfort provided to the occupants (which could be assessed using sociological methods), their work output, e.g. in a university setting meaning the number of graduated students yearly, or their number of Nobel prizes etc.
Another way of classifying the indicators is the following one:

General indicators:

They can be applied in every branch. 

Examples are the energy costs/consumption per revenue/sales per added value per employee or per salary, 

Sectoral indicators: 

They can only be applied in one special branch.

For example: the energy consumption per produced unit/per item, per weight, per area, per volume or per working hour/hour of operation,

Additional indicators:

They are not energy indicators in a narrower/stricter sense, but they give an additional information about the before mentioned indicators.

For example: energy price per kWh (electrical or thermal), the part of electricity per energy consumption (%) (STENUM GmbH, 2007)
2.  Methodology

In order to identify the appropriate indicators for describing the energy consumption patterns of the two specific kinds of institutions, we reviewed several existing indicators of energy intensity recognized on the international level, including the set of indicators proposed by the Global reporting Initiative (2006), the one compiled by the UN Commission for Sustainable Development – CSD – (UN, 2007) and the one from the so called ODYSEE project (ADEME, 2006). Moreover, we reviewed academic papers concerned with measuring energy intensity in institutions of our concern and looked for the data available in the institutions we have been observing.

We identified several problems in applying the best-suited indicators to compare the profiles of our chosen institutions, lying mainly in the lack of available data and standardization of it and comparability. However, from a range of indicators we were able to identify three, which we could use for at least a general comparison between our institutions. 

The first one is represented by the indicator developed by CSD “Intensity of energy use: commercial/service sector”, which involves measuring energy consumption (divided into thermal and electricity) standardized per unit service sector floor area (see Table no. 1 below). Another one is the indicator EN3 Direct energy consumption by primary energy source and finally, the last one the EN4 Indirect energy consumption by primary source, both from the set of GRI (see Table no. 2 below). 
Table no. 1
	Name:  
	Intensity of Energy Use in the Commercial/Service Sector.   

	Brief Definition:  
	Energy consumption per unit of commercial/service sector output or per unit commercial/service sector floor area.   

	Unit of Measurement:  
	Megajoules per US$ (mJ/$) or megajoules per square meters (mJ/m2).   

	Placement in the CSD Indicator Set:  
	Economic/Consumption and Production Patterns/Energy Use. 


Source: (UN, 2007) 
Table no. 2
	EN3 Direct energy consumption by primary energy source 
	EN4 Indirect energy consumption by primary source

	Compilation:

Direct energy sources purchased including:
- Direct non-renewable energy sources including: 

Coal; 

Natural gas; and

Fuel distilled from crude oil, including gasoline, diesel, liquefied petroleum gas (LPG), compressed natural gas (CNG), liquefied natural gas (LNG), butane, propane, ethane, etc.

- Direct renewable energy sources including:

Biofuels;

Ethanol; and

Hydrogen
. 

Direct energy sources produced
Direct energy sources sold

Calculate total energy consumption in joules or multiples using the following equation:

Total direct E consumption = 

= direct primary E purchased + 

+ direct prim. E produced – direct prim. E sold

Report total direct energy consumption in joules or multiples by renewable primary source.

Report total direct energy consumption in joules or multiples by non-renewable primary source.
	Compilation: 

Identify the amount of intermediate energy purchased and consumed from sources external to the reporting organization in joules or multiples. This includes:

Intermediate energy purchased and consumed from non-renewable energy sources as listed under EN3, including: 

Electricity;

Heating and Cooling;

Steam; 

Nuclear energy; and

Other forms of imported energy.

Intermediate energy purchased and consumed from renewable energy sources including:

Solar; 

Wind; 

Geothermal; 

Hydro energy;

Biomass based intermediate energy; and

Hydrogen based intermediate energy.

 - the amount of primary fuels consumed to produce intermediate energy based on the total amount of energy purchased from external suppliers (EN3 – Energy Purchased). 

To estimate the fuels consumed to produce purchased energy, use either:

- Fuel consumption data acquired from the electricity provider if these data are available;

- Default data for electricity and heat; or

- Estimations where default figures are not available.

Report the total amount of indirect energy used by indirect non-renewable sources and indirect renewable sources in terms of intermediate energy; and 

The corresponding primary energy consumed in its production.
 


Source: GRI, 2006, pp. 7-10

3. Energy profile of the public institution 

3.1 Context

The services sector, into which the public sector belongs, has the least amount of energy end use data available, which poses significant challenges to companies and institutions within the sector attempting to benchmark their energy performance and inform energy management decisions (Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 913). The services sector is the most heterogeneous one and includes both commercial services as well as public services. Energy consumption data for the sector divided into its sub-sectors is available for only some EU countries (see Graph no. 1).

Graph no. 1
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Source: Bosseboeuf et al., 2007

Against this backdrop of gaps in detailed energy data, this paper in this part explores one particular building of a particular educational institution as an example of a public institution. This is surely not a representative sample, however, it could give us a glimpse at the specific problems a public institution can face with respect to energy efficiency.

As the object of my case study I chose one building complex (2187 m2 used area) of the Charles University in Prague, which is situated in Jinonice and hosts some departments of 3 faculties, the Charles University Environment Centre, a library, several computer-rooms, a dining hall and a buffet. The departments of the following faculties are present here: Faculty of Humanities, Faculty of Social Sciences and Philosophical Faculty, so no study fields requiring energy intensive laboratories. My choice of this building was partly determined by my interest as a student studying in this complex of buildings and partly by the availability of data and possibility to consult them with the university’s energy officer responsible for collecting energy statistics from all the parts of the Charles University. I did not consider one academic unit as a faculty, as all 3 faculties are spread to at least 2 building complexes within the whole city of Prague (the Philosophical Faculty at least 4 building complexes) and the data could not be tracked so easily. Due to data availability, I did not consider the energy intensity of the transportation of students or staff. However, this feature, uncommon in many American university campuses built like small cities for themselves, could have a significant effect on the final consumption of energy.   

To be able to assess the particular energy situation of this particular institution, it is useful to know at least the legal context of the energy efficiency initiatives. The most significant requirement for the universities of the Directive 2002/91/EC of the European Parliament and of the Council on the energy performance of buildings (EPBD) is for public sector buildings over 1000 m2 to display an energy rating certificate, similar to those currently seen on ‘‘white’’ goods. 

For the EU, buildings have a large part to play in the abatement of GHG emissions in order to meet Europe’s Kyoto targets, as well as decreasing Europe’s dependence on imported energy. Buildings account for approx. 40% of final energy consumption within the EU and research has shown that more than 20% of energy consumption could be saved by 2010 (as compared to 2006) by applying stricter standards to buildings undergoing refurbishment and to new buildings.

The EPBD also sets minimum standards for new buildings and for buildings that undergo significant renovations as well as allowing for the inspection of boilers, heating and cooling systems. It has urged each country to develop their own methods for certifying energy performance of services sector buildings and each Member State was obliged to transpose the Directive into national legislation by the beginning of 2006 (Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 914).

The Czech Governmental Ordinance no. 213/2001 Col. transposing the above mentioned Directive in the Czech Republic required energy facilities or buildings to undergo an energy audit if a state subsidy within the National Programme was obtained. Energy audits were also obligatory, if the facilities were owned by the state, regions or municipalities, or owned by natural or legal persons with total consumption higher than that stated in the relevant legal regulations. In the public sector, audits were obligatory if energy consumption was above 1,500 GJ per year, what is the case of my chosen case-study institution. For private facilities, audits were mandatory if energy consumption is above 35,000 GJ per year. This was mandatory to the end of the year 2005.

According to the new Governmental Ordinance no. 148/2007 Col., by 1.1.2009 all public institutions must have energy certificates available for each of their buildings, which are less demanding than the comprehensive energy audits, but obviously more standardized and structured.

3.2 Methodology

In order to compile the energy intensity indicators and at least partially compare the results provided by them with those of the other parts of the university as well as with case-studied private companies, I used the compulsory energy audits of 5 building complexes of the Charles University from either the year 2002 or 2003. Particularly, I used those energy audits, which have been made available to me by the technical management of the university buildings so far, as well as the energy rating certificates (according to the former norms) in the case of Jinonice buildings and finally, the (not comprehensive) energy consumption series for the units of the Charles University (either building complexes hosting more faculties or faculty complexes seated in more buildings). Important to note seems to me the fact that a professional energy audit is rather expensive, costing about 100 000 CZK ( 4000 €, which is a rather big investment for the public educational institutions and thus a regular audit beyond the requirement is unrealistic. 
While doing this, I noticed striking differences in the content of the compulsory energy audits carried out by several different auditing companies (e.g. 4 auditing companies for the 5 of the 22 listed units of the Charles University). Due to different data coverage, this posed difficulties in choosing the appropriate indicators for assessing the energy use intensity (EUI) based on area used, e.g. some audits included the figures of total used area (in m2) and even total area kept over 15°C temperature, while some other only the total size of the buildings (in m3).

Thus, even this most commonly used performance metric for whole-building energy consumption  (Federspiel, Zhang, Arens, 2002, p. 206) is currently not perfectly suitable for benchmarking of all the buildings of one university instantly, however, it is relatively easy to complete the data. Moreover, even companies can and do use this indicator and especially those with similar office-like activities could be benchmarked with the present building in Jinonice, while some other laboratory-like more with some buildings of the Faculty of Natural Sciences. 

Another simple and at universities commonly used indicator is energy intensity per number of students, a measure used by e.g. the University College Cork in Ireland (UCC) (Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 913). However, a further challenge to the reliability and comparability of this indicator posed the variable coverage of the total numbers of students to be considered for the standardization of the energy consumption. Firstly, it is not clear, whether to include all students registered or only full-time students, as the part-time students theoretically should spend only a small portion of time using the facilities of the universities as compared to the full-time ones. Secondly, some energy audits (e.g. the ones for the building of the Faculty of Natural Sciences) include numbers of students and employees for the particular buildings – and particular year of the audit – however, some others do not. Finally, the figures of the students registered for the particular study year as listed in the University’s annual reports do not match those provided by the faculties themselves in their respective annual reports, for, to me at least, non-identifiable reasons (compare the Tables no. 3 and 4 for numbers of students of Faculty of Humanities (FHS)).  

Table no. 3
	Annual number of students - JINONICE
	2000
	2001
	2002

	FHS - full-time
	884
	980
	1 127

	FHS - part-time
	0
	64
	202

	FSV - full-time
	1 173
	1 168
	1 247

	FSV - part-time
	86
	112
	129

	FF - full-time
	487
	512
	557

	FF - part-time
	113
	142
	137

	Total
	2 743
	2 978
	3 399

	total - full-time
	2 544
	2 660
	2 931

	Source: Annual reports of the Charles University for the years 2000, 2001, 2002


Table no. 4: Annual numbers of students at the Faculty of Humanities (FHS)  
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Source:  Annual report of the Faculty of Humanities for the year 2007 

Other possible approach in assessing energy management is to look at the production side of the energy provided, particularly at the composition of the direct and indirect sources of energy as covered by the GRI indicators EN3 Direct energy consumption by primary energy source (see Tables no. 2 and 7) and EN4 Indirect energy consumption by primary source (see Tables no. 2 and 8).
As said above, while assessing energy consumption, we can differentiate between two types of metrics: the so-called efficiency indicators and the so-called effectiveness indicators. The output is difficult to define and quantify – it could be the comfort provided to the occupants (which could assessed using sociological methods), their work output – meaning the number of graduated students yearly, or number of Nobel prizes etc.

It might be useful to list all the activities in an institution/company that require some energy apart from human labour, then to look, how these services/activities are energy intensive and finally look for the solutions for lowering targeted energy intensities of some activities. We eventually might find out that some services could be provided on the same level while using less energy than nowadays.

However, unlike in some industry companies keeping track of their production processes in a very detailed way, I found it difficult to enumerate the activities/services provided in the particular university building. 

Generally said, it is the provision of education to approximately 3000 students of 3 faculties (Hájek, Bojar, 2001-3; Benyovszky, 2008), research activities of the staff of the faculties and of the Environment Centre of the university – all mainly office-like activities, not requiring energy-intensive lab appliances apart from common PCs. Furthermore, it is the provision of circulation, reference, scanning and copying services in a library with an electronic catalogue and hosting now over 70 000 units including books, magazines and students’ theses (Matuszková, 2007). Finally, we can include a small dining facility for only providing meals (not cooking them onsite) for a maximum of 900 people daily (although e.g. only 4663 meals were served in November 2006, i.e. on average 212 meals per working day (Jelinek, pers. comm. 2006; data from the meal reservation system of the dining hall) and a buffet.  To go beyond this superficial enumeration of services and get the respective data for energy consumption for provision of these services seems with the currently available statistics impossible.

A similar, but more practical approach relying on available data is used in the so-called model-based benchmarking, which should compensate for weather differences, design differences and building usage differences. The objective would be to create a benchmark that would represent the consumption of an “ideal” building that consumes the minimum amount of energy required to achieve the same indoor temperature, humidity, lighting, and ventilation conditions as the actual building. This is determined using mathematical models, while complications that would arise from defining and computing the theoretical minimum would be addressed by using simplifying assumptions (Federspiel, Zhang, Arens, 2002, p. 206). 

Unlike other benchmarking methods, including the one presented here with the indicator of energy intensity per area used, as well as the so called Sharp’s method and the Energy Star benchmark, this one would avoid the two fundamental problems of indicators. They are the following: 1) not sufficient accounting for differing functional requirements of the buildings (e.g. office-like vs. laboratory) and 2) using other buildings even of similar function as benchmark can be misleading if the whole array of buildings is making ineffective use of energy (Federspiel, Zhang, Arens, 2002, p. 205). 

This would be assured by the two-step procedure of the model-based benchmarking. Firstly, the “ideal” benchmark is to be computed and the actual energy consumption compared with it. The ratio of the benchmark to the actual consumption is the effectiveness metric. Secondly, the effectiveness of one building would be compared either with that of a set of buildings (not necessarily of the same or similar functions) or with the performance of the same building using statistical comparisons (Federspiel, Zhang, Arens, 2002, p. 205). As initially we would compare the actual performance with the ideal one, this compensates for the differing functional requirements of the buildings to be compared further, as well as it avoids the trap of being true to the saying: “among the blind the one-eyed man is king”. 

Not surprisingly, the key feature in this process poses the definition of an “ideal” building. The authors (Federspiel, Zhang, Arens, 2002, p. 206) arguing for the usage of this method claim to handle it by using a set of 8 simplifying assumptions, like no energy storage, no conduction or transmission of energy, maximum use of daylight etc. The following inputs would be then needed to calculate the difference from an “ideal” building (Tables no. 5, 6). 

Table no. 5: Inputs for the model-based benchmarking
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Source: Federspiel, Zhang, Arens, 2002, p. 207

Table no. 6: Calculations the model-benchmarking
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Source: Federspiel, Zhang, Arens, 2002, p. 207
However, this involves further data to be measured and regularly followed by an energy manager. Currently, only standardized data for services of final use of energy is available:  for heating, water heating, air-conditioning, lighting, other technologies (electric appliances) and finally losses in own distribution system. Therefore, to focus on the energy profile of the chosen institution with the perspective of these categories in mind seems more reasonable and realistic at present, while in future using model-based benchmarking could be very useful. 

3.3 Results

Below you can see the applications of the indicators EN3 Direct energy consumption by primary energy source (see Tables no. 2 and 7) and EN4 Indirect energy consumption by primary source (see Tables no. 8 and 9) and of the simple indicators of energy use intensity per area used and per student (especially Tables no. 10 and 11). 

Table no. 7: 

	EN3 DIRECT ENERGY CONSUMPTION BY PRIMARY ENERGY SOURCE - JINONICE [GJ/annum]

	 
	2000
	2001
	2002

	coal purchased, produced, sold
	0
	0
	0

	natural gas purchased
	3630
	4390
	4257

	natural gas produced
	0
	0
	0

	natural gas sold
	0
	0
	0

	DIRECT NON-RENEWABLE ENERGY SOURCES CONSUMED
	3630
	4390
	4257

	biofuels purchased, produced, sold
	0
	0
	0

	ethanol purchased, produced, sold
	0
	0
	0

	hydrogen purchased, produced, sold
	0
	0
	0

	DIRECT RENEWABLE ENERGY SOURCES CONSUMED
	0
	0
	0

	TOTAL [GJ/annum]
	3630
	4390
	4257

	Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice 


For a more comprehensive estimate of the fuels consumed to produce purchased electrical energy, see the Table no. 9 below, which is however based on the data from year 2004, and not 2001-2, as they were not available to me.

Table no. 8:
	EN4 INDIRECT ENERGY CONSUMPTION BY PRIMARY ENERGY SOURCE - JINONICE [GJ/annum]
	 
	 
	 

	 
	2000
	2001
	2002

	electricity 
	883
	1750
	1762

	heating and cooling
	0
	0
	0

	Steam
	0
	0
	0

	nuclear energy
	0
	0
	0

	other forms of imported energy
	0
	0
	0

	TOTAL INTERMEDIATE E CONSUMED FROM NON-RENEWABLES
	883
	1750
	1762

	solar energy 
	0
	0
	0

	wind energy
	0
	0
	0

	geothermal energy
	0
	0
	0

	Hydro energy
	0
	0
	0

	Biomass based intermediate energy
	0
	0
	0

	Hydrogen based intermediate energy
	0
	0
	0

	TOTAL INTERMEDIATE E CONSUMED FROM RENEWABLES
	0
	0
	0

	TOTAL [GJ/annum]
	883
	1750
	1762

	Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Area of Buildings of the Charles University Jinonice 


Table no. 9
	Share of Electricity Sources Used for Electricity production in 2004 

	coal PP
	53,39 %

	nuclear PP
	43,57 %

	hydro pump-storage PP
	0,96 %

	PP using RES
	2,08 %

	hydro PP
	1,86 %

	biomass-processing PP
	0,22 %

	wind PP
	0,00084 %

	solar PP
	0,00001 %

	Note: electricity from biomass was produced in co-burning with coal

	Source: ČEZ: Share of Electricity Sources Used for Electricity production in 2004


As we can see from Graph no. 2, the biggest consumer of energy by far is heating. This, in a way, is not surprising as it has been the case for most of the buildings in the past. However, the double amount to the nearest high figure of energy use represented by air-conditioning is rather surprising, if we consider the fact that the buildings were finished only in year 2000 and rather new insulation technologies could have been used during its construction. However, it passed the requirements of the Ordinance 291/2001 Col. for the specific use of heat (amounting to eVN = 31,02 kWh/m3a) with 28,91 kWh/m3a. 
Graph no. 2
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Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Area of Buildings of the Charles University Jinonice 

Even if we look at the indicator of energy intensity per area used with regards to heating, the difference between this new building and the one of the Law Faculty built in 1929, which didn’t pass the Ordinance requirements by 132,4 % (eVN = 36,74 kWh/m3a instead of required 27,74 kWh/m3a) is visible especially in 2002 (see Tables no. 10 and 11). 

Table no. 10:
	ANNUAL ENERGY INTENSITY BY FINAL SERVICES PER AREA USED - JINONICE [MJ/m2/annum]

	 
	2000
	2001
	2002

	losses in the distribution
	217
	261
	253

	heating
	1 036
	1 198
	1 135

	water heating
	139
	164
	167

	air-conditioning
	369
	526
	537

	lighting
	161
	280
	281

	other technologies
	241
	520
	524

	TOTAL
	2 163
	2 950
	2 897

	Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice 


Table no. 11:
	ENERGY INTENSITY BY FINAL SERVICES PER AREA USED - LAW FACULTY [MJ/m2/annum]

	 
	2000
	2001
	2002

	losses in the distribution
	289
	320
	375

	heating
	1 200
	1 391
	1 676

	water heating
	169
	160
	169

	air-conditioning
	112
	108
	114

	lighting
	232
	230
	236

	other technologies
	168
	169
	179

	TOTAL
	2 169
	2 378
	2 748

	Source: Zajíc, T. (2003): Energy Audit of the Building of the Charles University's Law Faculty 


However, if we allow ourselves a comparison between the energy intensity per area used of the one building complex in Jinonice with the sum of the buildings of the University College Cork in Ireland (UCC), we could say that the there are still reserves to saving energy  in heating in Jinonice (see Graphs no. 3 and 4).

Graph no. 3: ENERGY INTENSITY PER AREA USED – UCC in Ireland
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Source: Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 918
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0

100

200

300

400

500

600

2000 2001 2002

[kWh/m2]

electricity - Jinonice

heating - Jinonice

heating - UCC (approx.)

electricity - UCC (approx.)


Sources: Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 918, Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
Graph no. 5
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Sources: Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 918, Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
Nevertheless, the-other-way-round relationship would be suggested by a comparison of the energy intensities standardized to number of students (see Graphs no. 2 and 4). Even if we make up for the possible difference in the methodology used by counting only full-time students in Jinonice (see Graph no. 5), the difference still remains quite visible. 

Graph no. 6
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Sources: Gallachoir, Keane, Morrissey & O'Donnell, 2007, p. 918, Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
3.4 Proposed energy saving measures

In the energy audit for the Jinonice building, there are described several proposed measures  for lowering the energy consumption within the building, which are classified into cost-free, low-cost and high-cost measures. Below I will enumerate them (including the economic and environmental feasibility studies of the high-cost ones) and review, how these proposals have been treated sofar. 

Interestingly enough, the lighting system using mostly fluorescent bulbs and linear lights was considered to be functioning good enough by the auditor so that a replacement of the remaining classical incandescent light bulbs with the compact fluorescent ones was not regarded as economical (Drchota, Zajíc, 2002, p. 16). However, there were no concrete calculations present in the audit and as we see at least from the comparison with the Law faculty using the simple indicator of energy efficiency per plan area used (see Tables no. 10 and 11), the consumption of energy for lighting in Jinonice has quite increased in more recent years and even outnumbered the older Law faculty building.  

Cost-free: 

These include organizational changes, changes in personnel’s behaviour, monitoring and targeting and taking care that if purchasing new appliances, then those with good energy efficiency performance of grade A-B. Personnel performance was assessed as very good, No changes have been reported to it recently. The function of a faculty’s energy manager responsible for monitoring and targeting was present already in the time of the audit and remains until today.

According to the audit, the following spheres should be targeted:

· consumption of E for heating

· consumption of E for air-conditioning (chilling) including the gains from heat recovery

· consumption of heat and cold water for water heating

· consumption of E for preparation of meals

· the overall efficiency of heat production and distribution

According to the advice auditing company, the current energy manager of the building complex should have been more concerned with targeting these areas than with keeping track of the energy statistics for the whole university, however, the situation hasn’t changed until now.   

Low-cost: 

- installation of sub-electrometers for measuring of the individual sectors of consumption and for measuring of the provision of heat from the furnace and from the individual heating branches so that following of the targeted areas of consumption is possible. 

- installation of the water-meter for measuring consumption of cold water used for the preparation of hot water

The energy savings after taking the cost-free and low-cost measures are estimated to amount to 2,5,% from the final E consumption (i.e. approx. 166 GJ annually) the already achieved energy savings of 100 GJ annually brought about the current active energy management.

High-cost:

These measures should be prepared gradually and specifically on the basis of the results of monitoring and targeting.

The following areas should be focused on:

· preparation of hot water beyond the heating period: 

Possibilities: 
a) direct gas boiler



b) electrical accumulation boiler



c) water-heating via alternative energy source  

· use of alternative energy sources:

Variants considered: 
1st: solar thermal energy




2nd:  thermal pumps (Drchota, Zajíc, 2002, p. 16-17)
1st variant: Solar thermal energy was considered in 2002 to be useful for the case of Jinonice for water heating and a partial heating. As to the localization of solar thermal panels, only the roof of the main 6-storey building was considered to be technically relevant, as it is appropriately oriented and high enough not to be shaded by surrounding buildings. However, the height of the building was at the same time considered a disadvantage, as it would prolong the distance between the solar panels and the currently available hot-water accumulator in the basement. At the same time there was mentioned a problem with the space for the pipeline to be led indoors. The reachable energy gains of the proposed set of 20 vacuum thermal collectors should amount to an annual 6 GJ each and thus together cover around 33 % of the energy demand for water heating.

2nd variant: The version with thermal pumps of the type earth/water was described as realistic in cases of bigger performance units and their usage recommendable in cases of a good return on investment. It was meant to replace the current heating source after its technical-economical “death”. Apart from involving very high investment costs, problems with the placement of the mentioned type of heat pumps could arise, a solution to which was proposed by the usage of the type air/water on the roof of the administration building. At the same time, the replacement of the current heating source would involve a complex reconstruction of the heating system and its adaptation to low-temperature parameters (Drchota, Zajíc, 2002, p. 18). The final proposal was for a thermal pump air/water and a low-temperature heat distribution system including large-size radiators and floor heating.

Furthermore, the variants were assessed from the energy, economic and environmental point of view, while the investment was considered as a lump-sum investment for the purposes of comparison, though in reality the investment would be spread over time. Results of these assessments you can see below (Tables no. 12-16).

	Table no. 12: Investment costs of the variants

	1st variant:

20 pcs of solar thermal panels Heliostar 400V

connecting pipelines including the insulations
	20x16 700 = 334 000 CZK ≈ 13 350 €

62 500 CZK ≈   2 500 € 

	TOTAL
	396 500 CZK ≈ 15 850 € 

	2nd variant:

Thermal pumps air/water, measurements, regulation and bivalent source

Low-temperature distribution system within the buildings – large-size radiators, floor heating (reconstruction of the current system)
	580 x 22 100  = 12 818 000 CZK ≈ 512 310 €

290 x 4 500 = 1 305 000 CZK ≈   52 160 €

	TOTAL
	14 123 000 CZK ≈ 564 470 €


Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
According to the auditors, if other variables were kept constant, the future consumption profile of the Jinonice buildings complex could look as follows, depending on the variant chosen (see Tables no. 13).

Table no. 13
	ANNUAL ENERGY CONSUMPTION BY SOURCE - JINONICE [GJ/annum]
	 
	 

	 
	2000
	2001
	2002
	after V1
	after V2

	electricity 
	883
	1 750
	1 762
	1 762
	3 104

	natural gas 
	3 630
	4 390
	4 257
	4 156
	0

	secondary E - gains from recuperation in AC 
	218
	311
	317
	317
	317

	renewables
	0
	0
	0
	120
	2 730

	TOTAL [GJ/annum]
	4 731
	6 451
	6 336
	6 355
	6 151


Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
As we can see, although the application of thermal pumps would completely eliminate the use of natural gas for heating purposes, it would require extra electrical energy for functioning.

Below we can see the total supposed annual saving potential of the variants, both in GJ, as well as in money. It is clearly visible that annually the second variant with a heating pump would save almost ten times more energy purchased than the first variant (see Table no. 14). 

	Table no. 14: Supposed annual saving potential of the variants

	1st variant:

Savings in natural gas consumption used for water heating

Gains from solar thermal panels 
	265 GJ/a → 95 265 CZK/a ≈ 3 810 €/a

                     120 GJ/a   

	TOTAL
	  385 GJ/a      95 265 CZK/a ≈ 3 810 €/a

	2nd variant:

Savings in the final energy consumption

Gains from the thermal pump
	469 GJ/a → 841 909 CZK/a ≈ 33 650 €/a

              2 730 GJ/a 

	TOTAL
	3 199 GJ/a      841 909 CZK/a ≈ 33 650 €/a


Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
However, when it comes to economic assessment of the variants throughout their supposed use period of 15 years, the economic favourability dramatically flips. The investment into the second variant is not returnable within the assumed “life” of this device. It must be noted, that this result is highly dependent on the period considered and also on the discount rate used.  

	Table no. 15: Economic assessment

	1st variant:

	Net present value 

Internal Rate of Return

Payback time (simple)

Payback time (discounted)

Year of assessment
	397 330 CZK ≈ 15 880 €

23,23 %

5 years

6 years

2003  

	Cash Flow
	95 265 CZK ≈ 3 810 €

	2nd variant:

	Net present value 

Internal Rate of Return

Payback time (simple)

Payback time (discounted)

Year of assessment
	- 7 041 780 CZK ≈ 281 450 €

- 2,20 %

> service life

> service life

2003

	Cash flow
	841 909 CZK ≈ 33 650 €


Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
As it was already mentioned, while the second variant with a thermal pump completely eliminates the need to buy natural gas for heating, the electricity demand increases rapidly (see Table no. 13). According to the (at least in the year 2002) valid composition of primary energy sources for the electricity produced by the providing company ČEZ, such a replacement would mean an increase in the production of some of the pollutants, as most of the electricity is produced from coal, which is a “dirtier” primary source than the natural gas.  

	Table no. 16: Environmental assessment

	1st variant

	Pollutants
	Initial state [t/a]
	State after [t/a]
	Difference [t/a]

	Particulate matter
	0,07200
	0,07006
	0,00226

	SO2
	1,02700
	1,02584
	0,00109

	NOx
	3,26400
	3,04672
	0,21731

	CO
	0,49600
	0,45983
	0,03622

	CxHy
	0,07100
	0,07000
	0,00145

	CO2
	704,22700
	681,80075
	22,42662

	2nd variant

	Particulate matter
	0,07200
	0,08042
	-0,00810

	SO2
	1,02700
	1,78651
	-0,75958

	NOx
	3,26400
	1,23887
	2,02516

	CO
	0,49600
	0,12199
	0,37406

	CxHy
	0,07100
	0,09579
	-0,02434

	CO2
	704,22700
	775,02544
	-70,79807


Source: Drchota, J.; Zajíc, T.(2002): Energy Audit of the Areal of Building of the Charles University Jinonice
As the reader might already expect, the first variant was chosen by the auditor as the optimal version. This could be used in combination with the current technology of the furnace and would allow in the months of May-September to switch the furnace into the so called “cold reserve” state, while in other months, it could provide the water heating system with its energy gains. 

Nevertheless, until now, no further steps have been made to implement the proposed variant for saving of primary energy sources and money as well, as the initial investment costs are still considered to be too high to pay without external funding (Jelínek, pers. com. 2008), like the Ministry of Education or European Union funds – e.g. under the Operational Programme: Environment. Moreover, the payback time is neither too encouraging, which is often the case of investments in public institutions. 

Below we can see that both in 2005 as well as in 2006 Charles University had (and still has) only one solar thermal panel complex of installed power of 0,01 MW on the building of the Faculty of Mathematics and Physics, which in comparison to the overwhelming over 66 900 MW of natural-gas-heated plants seems like a bad joke.

	Table no. 17: Total installed power - Charles University Prague in 2007 [MW]

	 
	 
	Installed heat power
	Installed electric power

	electricity
	2,45
	X

	natural gas
	66911,68
	0,79

	lignite
	0 
	 0

	hard coal
	 0
	 0

	coke
	19
	0,2

	furnace oil
	up to 0,2 % of S
	 0
	 0

	furnace oil
	up to 1 % of S
	 0
	 0

	Topný olej
	over 1 % of S
	 0
	 0

	"energo-gas"
	 0
	 0

	biogas
	 0
	 0

	wood,
	 wood waste 
	 0
	 0

	hydro
	X
	 0

	hydro pumped-storage
	X
	 0

	nuclear
	 0
	 0

	Propan
	butan
	0,11
	 0

	Solar
	0,01
	0 

	Source: Jelínek, 2008a 


Surprisingly enough, not considered in this category of high-cost energy saving measures was the installation of thermo regulating valves, although their installation is (somewhat unclearly) required by law, particularly by the Ordinance no. 152/2001 Col. § 6 c and it has been a constant demand of the representatives of the Charles University Environment Center at the meetings of the Buildings Administration of Jinonice since April 2005 (Jelínek, 2008). According to the energy manager (Jelínek, pers. comm., 2008), there are equithermal valves on the output of the furnace, which should satisfy the requirements of the Ordinance. Moreover, investment costs have been considered too high by the registrar of the university and thus a grant or subsidy from either the Ministry of Education, Youth and Sport, or from the European Union funds would be needed (Jelínek, pers. comm., 2008). 

Unlike the Jinonice complex of buildings, the other buildings of the Charles University are usually much older and mostly badly insulated. However, their energy saving potential in the area of heating, which is the most predominant area of energy consumption, is often prevented by their status of historical listed buildings and thus difficulty to insulate. To list just few, insulation of roofs and walls, centralized water-heating, double-glazing of the windows, as well as control of closing of doors and windows in heated rooms especially after leaving, lowering of heating especially at night and on weekends etc are mentioned in the audits of the other units of the Charles University.  
4. Energy profile of a private institution:

4.1 Methods of identifying energy saving possibilities 

The first step for more energy efficiency in an industrial company is to understand the process of production and to make a schematic review of the processes, so that steps for energy optimisation can be easily identified. 

Figure no. 1: More energy efficiency in industrial processes 

[image: image10.emf]
Source: BFE-Tagung „Technologieförderung – industrielle Prozesse“ vom 3. April 2006, Energy-cluster.ch, Zum Newsletter vom 26. April 2006, „Mehr Energieeffizienz in industriellen Prozessen“
Because every production process is different, many creativity-using methods are necessary to reach process optimisation.

For that purpose many firms introduce energy controlling. This is an organisational measure/section in a company, which is responsible for the continuous supervision of energy consumption of a company, measurements for its reduction and its optimisation.

The primary tasks of energy controlling are to record the data about the energy flow of the production cycle – at least monthly - to prorate the required energy amount to the energy consumption of the different machines and identify increased values and/or mistakes. Furthermore, it is essential to make a plan for the possible structural changes and improvements of the energy flows, developing the appropriate energy indicators, integrating environmental relevant improvements in the process, rechecking and improving the result of the measurements.

It is very helpful to introduce energy indicators to gain informative values, which can be compared with each other and also with values of the literature. With their help it is very easy to identify unnecessarily high o deviant energy waste/demand (STENUM, case study).
It is helpful to make a detailed documentation of the energy flows of a production process for that purpose.

While preparing my case study, I could keep track of certain type of data that allowed me to use the following energy indicators:

After reviewing the indicators, what is mentioned in the introduction, I identified as reasonable indicators for the lacquery and plumbing company in my case study the following ones:

1. Energy Intensity: 

- The electricity consumption  [kWh] per lacquery working hours:

For its calculation the consumption of electricity in a billing cycle of one year [kWh] has to be divided by the working hours of lacquery[h].

- The oil wasting [kWh] per working hour of the plumber:

It is calculated by the oil use in the period of one year [kWh] divided by the lacquery working hours [h].

- The area related heating demand of the plumbing area [kWh/(m2*a]]:

It is calculated by dividing the amount of gas consumption of one year [kWh/a] by the heated area [m2]

2. EN4 Indirect energy consumption per primary energy source:

- The electrical and heating energy, which is consumed within one year, depending on/divided by the litres of oil and gas within one year (STENUM, Case study).
However, the basic instruments for identifying energy saving potentials and finding appropriate measures are data recording instruments, which document the flow of electricity, temperature, humidity and so on. With the aid of continuous records (the measurements should be made at least once a month), it is possible to identify the most energy intensive areas in a company. In many cases the biggest energy consumption is caused by that equipment, which was not expected to waste so much energy. Very often these are little machines and the energy wasting happens over a long duration. The mostly used instruments are a current probe, which records the measured data, also a data recording thermometer, data of the EVU ((EWE-Netz GmbH), Energieversorgungsunternehmen (Malzer, Fresner).
Figure no. 2: Some measurement-instruments (Oscillograph, electricity meter, data logger for recording temperature, humidity, light, energy)
[image: image11.emf][image: image12.emf][image: image13.emf]
Source:  Malzer, Fresner, (2008)
The next important step is to create an energy flow diagram to visualize the measured data. The most popular energy flow diagram is the Sankey diagram. The Figure no. 3 shows one example of a Sankey diagram.

Figure no. 3: Example of a sankey diagram: Heat losses of a family home
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Source: IGT 
A Sankey diagram generally illustrates flows of energy or material or money, in the form of arrows. The width of the arrows is proportional to the size of the flow. They are a very effective instrument for optimisation of stock flows and convey a clear and easily understandable message (STENUM, 2007; IGT).

4.2 A common enumeration and classification of different energy saving possibilities in industrial companies:

Refurbishment of buildings 
In the most cases the production halls are not gasketed very well. Very often there are even broken windows, where the heating energy can flow out easily!

Also the exterior walls of the buildings and production halls are often insufficiently insulated. The problem in this case is that the refurbishment of the walls is very costly and does not amortize in the most cases. For that reason it is really important to calculate the perfect insulation thickness for a building before it is built.  

For example a green house:

Two measures, which can be implemented to tackle this issue, are the following. Firstly, it is the installation of movable energy umbrellas, which guarantees a better insulation of the blanket during the night and also for shadowing during the day when needed. Another possibility for minimizing the warmth loss is the installation of a bubble wrap at the outside of the gable wall.

Another reason for a warmth loss could be poorly insulated heat vents (STENUM, 2008).
Big savings potential are also constituted by increasing the efficiency of central heating boilers. This can be realized by decreasing the off-gas temperature or by minimizing the air-conditioning so that there is no overrun.

Furthermore, the fuel or the combustion air can be preheated by unused exhaust-gas heat or other lost heat sources, so that there is less heat energy required to start the combustion process. A similar effect is brought about by re-circulating one part of the exhaust-gas.

Figure no. 4: A schematic diagram of a central heating boiler.
[image: image15.emf]
Source: Kail, 2005

Possibilities for recovering/using the waste heat of industrial processes:
Studies have shown that industry produces about 20 to 25 % of high grade waste heat, about 15 % of waste heat, which is lost in the chimneys (and the rest of the waste heat is diffused). So there is a big potential of recovering energy, particularly because of its high temperature.

Even though there do exist already many research studies, the number of implemented measures is very little. As already mentioned, the reasons are that many new technologies are not popular enough and that there are inhibitions of changing running processes.

The most auspicious new technologies for using waste heat are:

The usage of qualitative highly efficient heat exchangers (refrigerating machine), for low temperature differences

The usage of high temperature heat pumps and “Brüdenverdichter”:
High temperature heat pumps work with the help of CO2 as a cooling fluid. The advantage of CO2 for this usage is that there is o condensation and therefore no heat conduction at constant temperature, so the waste heat can be better utilised.

With the help of a “Brüdenverdichter” it is possible to recover a very big part of the condensation heat, with compressing it so that its temperature arises and the compressed steam can be condensed at a higher temperature level. With the released condensation heat new steam is produced by the boiler.
“Brüdenverdichter” became a very important energy innovation in the last years. They are used in the drying of the mud from the sewage treatment plants, the concentration of the sewage water, the food industry.
The Organic Rankin Cycle, which makes it possible to generate electricity out of waste heat.
It describes a steam process at low temperature, which is realised with the help of an organic fluid that is used as working fluid. The important fact is that the boiling point of the organic fluid is lower than the boiling point of water and therefore it is possible to run a turbine with (he steam, which was produced at a lower temperature. The advantage is that because of the waste heat for free, also the electricity is for free. The disadvantage is that the investment of an ORC-appliance is very costly. So the purchase of an ORC-appliance is only rentable in the case of long life periods (about 7000 to 7500 hours per year) (Bürki).
Figure no. 5:  Schematic diagram of an Organic Rankin Cycle
[image: image16.emf]
Source: Emde, 2005
Illumination is another not insignificant part of the energy consumption, particularly in huge halls. In many cases, the illumination is not regulated and is switched on for an unnecessarily long time. With a reasonable use of the daylight much electricity can be saved. Similarly the adjustment of the windows for the construction of new buildings – and their regular cleaning and servicing are important. Another aspect is the number of the illumination switchers, so that a person, who wants to switch up the light do not have to cross the whole hall/room. 

Another saving potential is the use of energy-saving lamps. The degree of efficiency of a conventional lamp averages  between 1 to 2 %, the one of a energy-saving lamp is about 10 to 15 %. Particularly in big production halls, which are often illuminated for a long time, this is an important factor (STENUM, case study).

4.3 A case study according to the precedent enumeration
:

1. Lacquery and plumbing company:
This company deals with first class lacquery of plant sections of engineering companies. The complex of the company consists of several buildings:

- a) plumbing hall, where the metal compounds are handled + another smaller plumbing hall Its energy demand is based on electricity and heating energy.

- b) lacquery hall, where a compressor and a lacquery machine are used for lacquering. The energy demand is mainly based on the electricity demand of the compressor and the lacquery machine and the heating demand of the lacquery/drying cabin.

- c) residential building of the family who runs the company. Its energy demand was only analysed in respect of the heating demand.

• The first step for generating the saving potential of the company and to analyse its practicability and profitability, was to make a lot of measurements of electricity and heating of the different areas and machines:

At first the electricity demand of the lacquery and the plumbing hall were documented as the demand of the compressor and the lacquery area:

The main waste is caused by the compressed-air machine and the lacquery cabins. The operating time of the compressor depends on the production. On average it starts five times per hour with 10 kWh. After studying the compressor, leakages of 1,2 m3/h were found, which means only very little leakage. With the help of the documentation of the electricity load curve of the cabins, it was possible to identify a system mistake of the supply air pipes, which causes a pressure loss. This mistake could be repaired.

• The second step was a calculation of the heat requirement of the whole company:

The estimation for the heat demand of the buildings are based on literature (ÖNORM B 8110-1 und EN 832). The knowledge about the building material was not sufficient and so the following values are only a rough estimate.

There are two different heating systems: 

· The lacquery is heated with the help of an oil boiler; 

· a gas boiler heats the plumbing area, the residential building and the plumbing hall.

Next, the heat requirement for the different buildings was made with the help of different, for the different buildings specific, parameters (for example heat transmission coefficient of the walls, the transmission heat loss, the heating load etc.).

With the help of this parameters a Sankey diagram can be generated to visualise the amount of the different heating energy flows.

Graph no. 7: Example of the Sankey diagram of the area-related heating requirement of the lacquery area:
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Source: STENUM, case study

This graph shows a quite high area-related heating requirement. Reasons for that lie in the building fabric (Bausubstanz).

There are several cost-saving possibilities, which are described in the following:

1. Electricity:

- The compressor can be operated with a lower pressure. One bar less (7 instead of 8 bar) would cause an energy saving of 10%. A reduction of the sucked air (now 40 to 50 °C) of 10 °C would save 2% electricity.

- Lacquery cabins:

· Minimizing the stand-by modus of the drying cabins. (Now the air blowing is reduced by 50% in the stand by modus. It could be better to switch the blower off instead off a stand by modus.)

· In the winters a one hour later beginning with the lacquery work (at 7:00 instead at 8:00) would reduce the temperature differences of about 5 to 10 °C and therefore save heating energy as well.

· The lacquery cabins are heated by an oil boiler. The air heater runs the temperature to about 60°C eight times per day for 15 minutes in each case. Therefore an air volume of 10 000 to 12 000 m3 must be heated from 10°C to 60°C.

· The calculation of the heat requirement of the oil heated area results in a lower theoretical waste of oil per year for the heating of the lacquery cabins than the real/actual average waste. 

· The difference of 25 000l oil per year can be explained by inefficiency, which can be reduced by the following saving measures:

· Replacing the about 30-year-old oil boiler through a gas boiler with a higher scale of efficiency like in the other buildings.

· Increasing the part of the circulating air of the stand by mode and the part load mode/run in the drying cabins.

· Using at least one part of the waste gas heat for warming the water of a boiler buffer reservoir especially in the winters.

2. Reconstruction of the buildings:

· Accurate use of the thermostat valves of the radiators in the residential building could save 4 to 8% of heating energy. (The living temperature should be 20°C, the temperature while an absence until two days 15°C and for a longer time 12°C.)

· The air exchange has to be practiced by intermittent ventilation (not longer than ten minutes) instead of continuous ventilation by tilting the windows.

· Minimizing the heat loss trough the windows by sealing with the help of rubber profiles. Because of the bad insulated windows an energy saving of 10% through using jalousies or curtains is estimated.

· Another reduction of the heating demand of up to 6% can be caused by a retroactive insulation of the badly-insulated walls behind the radiators.

· Heating of the water by installing solar heating system.

5. Point out the specific differences between the two energy consumption profiles and methods of making it more energy efficient
Unfortunately, due to the fact that the private company studied by one of us wanted to keep the absolute values of the energy profile as a company secret, a comprehensive comparison between our chosen institutions was not possible. However, this can be in a way instructive as it can indicate that in private companies aiming for creating profit, it is a matter of competitiveness on the market not to reveal possibly unflattering data to the competing companies. Thus, the availability of benchmarking data for particular companies and not for sub-sectors could be, despite extensive information gathered within the company, worsened. This is an issue to be studied more thoroughly, because other sources claim that the services sector (including both commercial AND public services), not the industry or residential sector is the one lacking the most energy-related data for comparison (see chapter 3; Bosseboeuf et al., 2007).

Yet quite evident from our case studies was the fact that the compatibility of the data collected and indicators (to be) construed was often unsatisfying. Unlike industry companies keeping track of their production processes in a very detailed way, it was difficult to enumerate the activities/services provided in the particular part of a public institution -university building and assign an “ideal” and actual energy demand to them respectively.

A possibly commonly useful method of assessing energy consumption for informing the energy saving measures for the future seems to be the model-based benchmarking. Using this method, both kinds of institutions could compare with other institutions independent of their specialization, as well as follow their own progress to an “ideal state”, when their operation would consume the minimum amount of energy required to achieve the same indoor temperature, humidity, lighting, and ventilation conditions as the actual building of the institution. This would require a continuous tracking of the various parameters, which is already done in many of the private industrial companies, but would demand more attention from the presently employed energy/technical managers of the public institutions. 

A simpler, yet more limited indicator of energy efficiency is the one calculated as energy consumption per area used. From the array of indicators, this was the one companies can and do easily use. Those with similar office-like activities could be benchmarked with the public educational institutions of the type of Faculty of Humanities or Philosphical or Law Faculty, while some other laboratory-like more with some buildings of the Faculty of Natural Sciences. 

Finally, although the technical saving potential of both kinds of institutions might be similar –as still it is the demand of energy for heating, which is in the insufficiently insulated buildings of both public and private sector the biggest energy-consumer, the actual saving potential after considering the economic parameters and decision-making processes might differ substantially. Whereas profit-oriented private companies must harshly “fight” for their customers and can invest their own money, the public institutions, especially in the Czech Republic are less motivated to save energy for optimizing their performance in such a way. For instance, the public educational institutions depend mainly on the state financing from the state budget. It is true that funding is partially allocated to them on the basis of the number of students studying in them (which also partially depends on creating a good image like in private companies), however, this can lead to overcrowded lecture halls, little individual attention paid to loads of students and is reflected also in the comparison of the energy consumption of Jinonice per area used and student with the UCC (see Graphs no. 4, 5 and 6). As dependent on the state budget annual funding (also probably due to the business-as-usual approach long cherished during the communist era), the managers of public educational institutions often do not dare investing large amounts of investment into new technologies, if the payback time extends over some period. However, with the prospect of getting used to finding funding from external sources, especially European Union – based funds, e.g. from the Operational Programme Environment, this currently lacking readiness for investment might improve.   
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� Biomass is excluded from direct renewable energy sources for the purpose of reporting to the WRI/WBCSD GHG Protocol. For alignment with the WRI/WBCSD GHG Protocol, direct CO2 emissions from the combustion of biomass should be reported separately. 


� The sum of primary energy sources (expressed in joules) used to generate intermediate energy will, depending on the primary source used, significantly exceed the amount of intermediate energy purchased (in joules) due to grid and efficiency losses when converting and transporting energy.
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